Background. In this study, the possible eff ects of zinc on physicochemical properties of ice cream and the survival of Lactobacillus casei during a 90 days storage at -18°C was investigated. Material and methods. Samples were divided into four experimental groups as follows: control, zinc fortifi ed ice cream, probiotic ice cream, zinc fortifi ed and probiotic ice cream. The physicochemical, texture, organoleptic properties and the survival of probiotics, were investigated. Results. Results showed that the addition of zinc did not aff ect the textural properties of ice creams. Viscosity and pH were independently decreased in all groups in the presence of zinc. A signifi cant increase in the lipid oxidation rate especially in the zinc fortifi ed group was also observed. The probiotic counts were maintained above the least advised quantities (10 6 cfu/g) which were subsequently reduced following the three months of storage. In the zinc fortifi ed samples, the counts were higher compared to the other groups with no zinc addition. The addition of probiotics and zinc had no signifi cant eff ect on the sensory properties of ice cream. Conclusion. As a fi nal conclusion, the commercial production of zinc fortifi ed ice cream is recommended.
INTRODUCTION
Milk and other dairy products are considered to present either poor sources of diff erent trace elements or their levels are not adequate to meet the human needs for a healthy human body (Jayasekara et al., 1992) . Consequently, people should obtain their trace element needs from the products other than milk or the fortifi ed dairy products. The fortifi cation of food has been frequently used to enhance the minerals and vitamins levels and to get rid of the defi ciencies. Among all various trace elements, zinc is very important and has an eff ective role in the human nutrition and body metabolism. This element is needed to catalyze more than 100 enzymes (Kahraman and Ustunol, 2012; Saper and Rash, 2009; Qin et al., 2009 ) and is important for immune function, protein synthesis, wound healing, DNA synthesis, and cell division (Hunt and www.food.actapol.net/ Nielsen, 2009; Walingo, 2009) . During pregnancy, zinc is needed for normal growth and the development of newborns and it is needed during childhood and adolescence (Simmer and Thompson, 1985) . For normal health and maintenance, we need to take zinc daily since the human body cannot store zinc (Rink and Gabriel, 2000; Salgueiro et al., 2000) . We defi ne probiotic food as the product containing viable probiotic micro-organisms in suffi cient numbers assembled to reach an appropriate matrix (Gibson et al., 2004; Saxelin et al., 2003) . In addition, adding probiotic cultures to the ice cream provides it with the advantage of being functional, in addition to make these products more valuable (Akin et al., 2007; Hekmat and McMahon, 1997; Kailasapathy and Sultana, 2003; Shah and Ravula, 2000) . According to the American Council on Science and Health, "Functional foods can be considered to be those whole, fortifi ed, enriched, or enhanced foods that provide health benefi ts beyond the provision of essential nutrients (for example, vitamins and minerals), when they are consumed at effi cacious levels as part of a varied diet on a regular basis" (Hasler, 2002) . Ice creams are considered as a nutritive food due to the presence of milk or fruits in its formulation, representing a source of proteins, vitamins, and minerals. The supplementation of ice cream with prebiotic ingredients or probiotic bacteria can add value to the product by providing functional appeal. Being well accepted by people, they usually consume these products daily. Thus many researchers have investigated the zinc fortifi cation and the enrichment of diff erent products (Abd-Rabou et al., 2010; Degheidi and Abd-Rabou, 1998; Hermansen et al., 1995) . The purpose of the current study was to examine the zinc fortifi cation eff ect on the viability of a commercial probiotic strain Lactobacillus casei, which was added to the ice cream. In addition the physicochemical properties and the sensory characteristics of ice creams were evaluated.
MATERIAL AND METHODS

Experimental design
Three probiotic, zinc fortifi ed, zinc fortifi ed and probiotic ice cream formulations were produced to compare with the regular ice cream as a control. The ice cream formulations were intended for the hard-texture product and identifi ed as follows: Control group ice cream without any treatment, probiotic supplemented of Lactobacillus casei (0.1%), zinc fortifi ed (150 mg zinc per kg), probiotic supplemented of Lactobacillus casei (0.1%) plus zinc (150 mg zinc per kg). The current recommended dietary allowance (RDA) for zinc in the United States is 11 mg for men and 8 mg for women per day based on the Food and Nutrition Board and Institute of Medicine (2001) . These values are higher for pregnant and lactating women, at 12 and 13 mg per day, respectively (Jeejeebhoy, 2009 ). All productions were performed in triplicate.
The ingredients and the probiotic strain for the ice cream manufacture Pasteurized and homogenized cow's milk (3.32 ±0.4% fat) was obtained from the research and development unit of Ramak Dairy Company, Shiraz, Iran. The probiotic culture of Lactobacillus casei (ATCC 39392, Lyophylized) was obtained from CHR-Hansen (Horsholm, Denmark). The bacterial counts were determined after freezing as well as at the end of every 30 days during the 90 days storage at -18°C. Zinc sulfate (Merck, Germany) was used as the zinc element. Five zinc salts have obtained GRAS (Generally Recognized As Safe) status from the US Food and Drug Administration: zinc sulfate, zinc chloride, zinc gluconate, zinc oxide, and zinc stearate (Salgueiro et al., 2000) . Among these, zinc oxide and zinc sulfate are the most commonly used (Hotz et al., 2005) . Other ingredients were including skim milk (Ramak Dairy Company, Shiraz, Iran), the commercial sugar as sweetener (Industries Co., Marvdasht, Iran), vanilla for aroma development (0.2%, polar Bear, Shanghai, China), and the hydrogenated vegetable oil (8%, Narges, Shiraz, Iran). Carboxy methyl cellulose (E466; Sunrose, Tokyo, Japan) and Panisol (Danisco, Copenhagen, Denmark) containing mono-and diglycerides (E 471), cellulose gum (E410), guar gum (E412), carrageenan (E407), tocopherol-rich extract (E306) and ascorbyl palmitate (E304) as the stabilizer-emulsifi er were provided by a local ice cream factory (Ramak Co., Shiraz, Iran).
Manufacture of ice cream
The ice cream mixes were prepared in 3 kg batches. The liquid milk was heated to 60°C prior to being mixed with the solid ingredients. All the required ingredients were then thoroughly mixed with the milk. The mixes were pasteurized at 80°C for 15 min, followed by cooling up to 60°C and dispersed along with stirring for 5 min using a simple mixer (Model 6490; Tefal, Rumilly, France). The ice cream mixes were subsequently cooled to room temperature and aged overnight at 4°C. The zinc element and the probiotic micro-organism (10 9 CFU/g) were added to the ice cream mixer prior to freezing. The ice cream mixes were whipped and frozen using a batch ice creammaker machine with the capacity of 3 kg without any additional aeration source (Model: BQL-12Y; Shanghai Lisong, Shanghai, China) at a constant speed (52 rpm) for about 40 min. The temperature of soft ice cream had been reached to -5°C at the end of freezing. The samples were fi nally packaged in the plastic containers, hardened at -30°C for 2 h and stored at -18°C for further use.
Physicochemical analysis
The pH of the ice cream was measured using a digital pH-meter at room temperature (Model 350 PH Meter, Jenway, Dunmow, UK). Titratable acidity was calculated by titrating the sample with 0.1 N sodium hydroxide (NaOH) using phenol phthalein as an indicator and expressed as the percent of lactic acid (AOAC, 2010) .
The overrun of fi nal product was calculated on a weight basis using a formula described by Akin et al. (2007) . Lipid oxidation determination. Malon dialdehyde (MDA), a secondary product of lipid oxidation, is formed form the decomposition of peroxides of Polyunsaturated Fatty Acids (PUFA) and is associated with the development of rancidity and oxidative deterioration. One mole of MDA reacts with 2 moles of thiobarbituric acid (TBA) to give a pink condensation (Kahraman and Ustunol, 2012) .
The lipid oxidation was evaluated by TBA test according to Rosmini et al. (1996) with the following modifi cation: A mixture of 1 g of sample, 5 ml of (0.02 M) TBA and 10 ml of 10% TCA was centrifuged for 5 min at 3500 rpm. The supernatant was fi ltered by Whatman paper (no. 1) and an aliquot of 8 ml of the fi ltrate was melted in a boiling water bath for 35 min. The absorbance was measured in 532 nm after the color development. The degree of oxidation was determined at the beginning of the process and at every 30 days up to the last period of storage (90 days).
The results were reported as milligrams of MDA per kilogram of ice cream.
Viscosity test. The viscosities [cP] of ice creams were determined at 25°C using a digital viscometer (Model RVT; Brookfi eld Engineering Laboratories, Stoughton, MA, USA) at a constant speed (25 rpm) with the spindle number 3.
Melting test. First dripping and complete melting times were measured according to Güven and Karaca (2002) . 25 g of tempered samples were left to melt (at room temperature, 20°C) on a 0.2 cm wire mesh screen above a beaker. First dripping and complete melting times of samples were determined as minutes one week after the production and at the end of the storage time.
Texture analysis. The hardness, cohesiveness and adhesiveness were measured using a texture analyzer (CT3 Texture Analyzer; Brookfi eld Engineering Laboratories), which was equipped to a stainless cylindrical probe (6.0 mm diameter, 35 mm height). The sample (shape: block, length: 40.00 mm, width: 60.00 mm, depth: 40.00 mm, temperature: 4°C) was compressed twice with the probe to 50% of its height at 2 mm/s rate. The ice cream samples were analyzed in triplicate.
Enumeration of probiotic micro-organism
The viability of Lactobacillus casei in the ice creams was determined following 1, 30, 60 and 90 days of storage at -18°C. The samples were cultured in De man, Rogosa, Sharpe agar medium (MRS agar, Merck, Darmstadt, Germany) containing 2 g/l Lithium chloride and 3 g/l sodium propionate (LP-MRS-agar).
Enumeration of probiotic bacteria was achieved as described by Lima et al. (2009) . All cultured plates of Lactobacillus casei were incubated at 37°C for 72 h under the aerobic conditions. The averages of all results were expressed as colony forming units per gram of sample [CFU/g]. www.food.actapol.net/
Sensory evaluations
The organoleptic properties of ice creams were assessed by 30 (60% men, 40% women, aged 22-52) expert panelists at Ramak Dairy Company (Shiraz, Iran) after 1 and 90 days storage at -18°C. The fl avor, texture, color and mouth feel of the samples were evaluated on a fi ve point scale, with score 4 indicating 'excellent' and score 0 representing 'unacceptable' for human use as described by the Institute of Standards and Industrial Research of Iran (Hashemi et al., 2015) .
Statistical analysis
Three replicates were carried out for all measurements. The data were analyzed using SPSS for Windows version 20 (SPSS Inc., Chicago, IL, USA). The analysis of variance (ANOVA) was used to determine the signifi cant diff erences among the treatments for physicochemical parameters and the viability of the probiotic micro-organism. Duncan's post hoc test was applied to compare the means when the eff ect was signifi cant. The sensory data were analyzed by the nonparametric Kruskal-Wallis test, followed by Mann-Whitney U test as a post hoc test. P < 0.05 was considered as a level of signifi cance.
RESULTS AND DISCUSSION
A gradual decrease in the pH of ice cream samples were observed during the storage at -18°C for 3 months (p < 0.05). The lowest pH was related to the zinc fortifi ed ice cream group. The pH of ice cream samples are given in the Table 1 . The decrease of pH is due to the metabolic activity of the microfl ora (producing lactic and/or acetic acid via the Embden-Meyerhof-Parnas pathway). Seleet et al. (2011) reported that the pH of fortifi ed fermented milk with zinc and probiotic was decreased during the storage. Han et al. (2012) added Cu 2+ to whole milk before fermentation. They showed that Cu 2+ at the concentration of 1.25 mg/kg could reduce the post acidifi cation of fermented milk eff ectively. No signifi cant eff ect on neither the fermentation time nor the viable counts of S. thermophilus (P > 0.05) was showed compared with the control sample.
The result of present study indicated that the titratable acidity of ice cream in all groups was increased during 3 months of storage (p < 0.05). The highest acidity was related to zinc fortifi ed ice cream group. The titratable acidity of ice cream samples are given in the Table 2 .
Abd-Rabou et al. (2010) reported that the acidity of Edam cheese fortifi ed by dietary zinc salts has been increased during the ripening in all the cheese samples. Salgueiro et al. (2000) , also reported that the addition of zinc salts could increase the acidity.
The TBA assay is commonly used as a marker for the oxidative damage and to determine the freshness of food (Shamberger et al., 1977) . Zinc has been reported to inhibit the free radical lipid peroxidation in biological systems (Girotti et al., 1985) . Zinc protects membranes from the iron-initiated lipid oxidation by occupying the negatively charged sites with the potential iron-binding capacity, or by serving as a free radical scavenger (Fang et al., 2002) . Zinc may also act synergistically with water soluble antioxidants to protect membranes from oxidation (Zago and Oteiza, 2001 ). Therefore, our intent was to determine if zinc would also inhibit the lipid oxidation in a food system. Table 3 shows the TBA results of the samples over the 3 months of storage. The TBA values of the ice creams were increased during the storage time. Our results showed signifi cant diff erences between diff erent groups and times (p < 0.05).
The results showed the highest TBA values in the fortifi ed zinc ice creams and the lowest in the probiotic ice creams. Kahraman and Ustunol (2012) reported that in the zinc fortifi ed cheddar cheese, the TBA values was increased and then eventually decreased over the ripening time. In the study of Abd-Rabou et al. (2010) , the TBA values of the zinc fortifi ed Edam cheese was increased during the ripening period. Similar results were reported by other researchers (Jackson and Lee, 1991; Kim et al., 2003; Kwak et al., 2003) .
The amount of air incorporated (also referred as overrun) varies from 20% for artisanal ice cream (gelato) to 50% or 100% for industrial frozen dairy desserts (Marshall et al., 2003) . In the study of Ferraz et al. (2012) , it was demonstrated that an overrun of 45% or less does not modify the viable count of L. acidophilus. L. rhamnosus signifi cantly and L. casei exhibited a higher oxygen tolerance than L. acidophilus in unfermented ice creams (Homayouni et al., 2012; Abghari et al., 2011) .
Probiotic bacteria have diff erent strategies to cope with the stress caused by oxygen. For instance, they can avoid the formation of oxidative species by Means in the same column denoted by diff erent capital letters were signifi cantly diff erent (P < 0.05). Means in the same row denoted by diff erent small letters were signifi cantly diff erent (P < 0.05). Means in the same column denoted by diff erent capital letters were signifi cantly diff erent (P < 0.05). Means in the same row denoted by diff erent small letters were signifi cantly diff erent (P < 0.05). Means in the same column denoted by diff erent capital letters were signifi cantly diff erent (P < 0.05). Means in the same row denoted by diff erent small letters were signifi cantly diff erent (P < 0.05). Means in the same column denoted by diff erent capital letters were signifi cantly diff erent (P < 0.05). Means in the same row denoted by diff erent small letters were signifi cantly diff erent (P < 0.05). Means in the same column denoted by diff erent capital letters were signifi cantly diff erent (P < 0.05). Means in the same row denoted by diff erent small letters were signifi cantly diff erent (P < 0.05). Pol. Technol. Aliment., 15(4), 367-377. DOI: 10.17306/J.AFS.2016.4.35 www.food.actapol.net/ eliminating them through degradation or they can repair the damage caused by such exposure (Van de Guchte et al., 2002) .
The overrun of the ice cream samples was not signifi cantly diff erent compared to the control formulation (p > 0.05; Table 7 ). This was in agreement with the results of a study, Akin et al. (2007) who found that the addition of inulin had no signifi cant eff ect on the overrun values of the samples. Overrun did not have infl uence on the survival of probiotic bacteria.
The viscosity was decreased in all groups of ice creams during the storage period (p < 0.05). The highest amount of viscosity [cP] was related to the control and the lowest belonged to the probiotic groups. Zinc did not have infl uence on the viscosity of ice cream.
Our results indicated that melting rate was decreased by the addition of probiotic microorganism or zinc in the formulation (p < 0.05). El-Nagar et al. (2002) reported that the addition of inulin reduced the melting rate of yoghurt ice cream.
In the present study, when probiotic and zinc were added in the formulation, no signifi cant diff erence was verifi ed for hardness [gF] , cohesiveness [mJ] and adhesiveness of the ice cream samples. Our results are consistent with the study by Kahraman and Ustunol (2012) who reported that the hardness of zinc fortifi ed cheese was not signifi cantly diff erent compared with the control cheese.
The viable counts of Lactobacillus casei are shown in Table 6 . There was signifi cant decrease in the viable counts during the storage period in all the experimental groups. The viable counts of Lactobacillus casei in all samples were higher than that of the recommended minimum limit of 6 Log cfu/g to have the benefi cial eff ects on the consumer's health (Hekmat and McMahon, 1997) . Probiotic and zinc fortifi ed group showed a higher viable count than the probiotic ice cream group. However, the mechanical stresses of mixing and freezing processes caused by the formation of ice crystals and by scraping of the cylinder wall by the blade of freezer, and also the incorporation of oxygen into the mix, may have resulted in a further decrease in the viable bacterial counts (Cruz et al., 2009; Homayouni et al., 2012; Turgut and Cakmakci, 2009) .
The fi ndings of present study resembled to those previously reported (Akalin and Erişir, 2008; Christiansen et al., 1996; Hagen and Narvhus, 1999) , which demonstrated the signifi cant decrease in the bacterial counts due to the freezing process.
This reduction may be less or more from those of other studies, which were probably due to the diff erent production technologies, diff erent formulations and diff erent pH values of mixes.
The sensory scores of the ice cream samples are given in Figure 2 . Experimental sensory work is simpler and has been shown to be more cost eff ective than just-about-right (JAR) scales without losses of consumer acceptability.
The interaction of "tasty" compounds with specialized receptors in taste buds of the tongue and palate is transduced via electrical excitation of taste receptor cells. This excitation is transmitted to the brain, where the fi nal representation of each taste modality is formed (Talavera et al., 2007) . Increasing the temperature of consumption and the fat content have an inverse eff ect on the ideal sweetening power in whole milk beverages.
The scores of the organoleptic evaluation showed that the addition of probiotic and zinc had no negative eff ect on the sensory properties of ice cream.
The total evaluation in terms of color, texture, fl avor and mouth feel of all samples were good and didn't have any concerning fl avor during the storage period. None of the ice creams were judged to be crumbly, weak, fl atty or sandy. Our sensory results are similar with a previous study reported by Kahraman and Means in the same row denoted by diff erent small letters were signifi cantly diff erent (P < 0.05). Fig. 1 . Mean ±SD of textural characteristics in the ice creams that stored at -18°C for 3 months Ustunol (2012) and Abd-Rabou et al. (2010) , which also claimed that zinc sulfate didn't aff ect the sensory attributes of the fortifi ed products.
CONCLUSIONS
This study showed that the fortifi cation of ice cream with zinc sulfate is a suitable approach to fortify this dairy product without any signifi cant negative changes in the quality of ice cream. Zinc-fortifi ed ice cream could be an excellent food source for the replenishment of zinc levels in people with the zinc defi ciency risk. This should provide the elderly groups the adequate amount of zinc and vegetarians who do not 
